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Abstract
We consider the existence of the state X0 (214MeV) in Σ+ → pµ+µ− decay found by the
HyperCP collaboration. We assume that a fundamental spin zero boson X0 coupled to quarks
leads to flavor changing s → dX0 process. We estimate the scalar and pseudoscalar coupling
constants by considering Σ+ → pX0 and K+ → pi+X0 processes, and find that pseudoscalar
coupling dominates. We then evaluate the branching ratios for KL → pi0pi0X0, pi+pi−X0 and
Ω− → Ξ−X0 decays. All these rates are found to be in the measurable ranges. We also comment
on X0 coupling to muons and constraints from muon g − 2.
Recent search for the rare decay Σ+ → pµ+µ− by the HyperCP collaboration [1] has found
three events all clustered at the dimuon mass of approximately 214MeV. The branching
ratio based on these three events for the process Σ+ → pµ+µ− is quoted as (8.6+6.6
−5.4 ±
5.5) × 10−8. The Standard Model branching ratio for this process is dominated by long
distance contributions [2], which are estimated to give a branching ratio between 1.6× 10−8
to 9.0× 10−8, in agreement with the total rate, but not with the dimuon mass distribution.
It is therefore intriguing to consider the possibility that the dimuon events seen by HyperCP
collaboration are due to a hitherto unobserved new particle X0 of mass 214MeV. Indeed,
the suggestion is made in Ref. [1] that if such a particle exists, the branching ratio for the
process Σ+ → pX0, assuming that X0 decays predominantly into µ+µ−, is
BR(Σ+ → pX0, X0 → µ+µ−) = (3.1+2.4
−1.9 ± 1.5)× 10−8 . (1)
In this note we explore consequences of this assumption to other rare decays, and suggest
ways to either confirm or refute this hypothesis. We shall adopt the central value of the
branching ratio in Eq. (1) to obtain our estimates. All our estimates are subject to errors
in Eq. (1), which are about 50% statistical and 60% systematic.
Our basic assumption is that there is a new spin zero boson X0 of mass 214MeV and its
fundamental interaction is given by
Lint = [d¯(h1 + h2γ5)sX0 + h.c.] + µ¯(l1 + il2γ5)µX0 . (2)
There may be other interactions of X0 with quarks and leptons, but we do not make any
a priori assumptions about these, leaving them to be determined by future experiments.
We first derive constraints on the flavor changing couplings h1 and h2 from the decays
Σ+ → pX0, and K+ → pi+X0. We then calculated the expected rates for KL → pi+pi−X0,
KL → pi0pi0X0 and Ω− → Ξ−X0 . All these rates are in the experimentally accessible ranges.
To relate Σ+ → pX0 to the parameters in Eq. (2), we use matrix elements involved
in hyperon semileptonic decays, and take divergences on both sides. We use the standard
hypotheses of CVC and PCAC which are known to be excellent for the low energy processes.
We find
〈p| d¯s |Σ+〉 = f1mΣ+ −mp
ms −md upuΣ+ , (3)
and
〈p| d¯γ5s |Σ+〉 = g1 m
2
K0
m2K0 −m2X0
mΣ+ +mp
ms +md
upγ5uΣ+ , (4)
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where f1 and g1 are vector and axial vector form factors. For quark masses, we use, md =
7MeV and ms = 140MeV and for proton and meson masses we use values from Ref. [3]. We
have related g3 that occurs in the axial current matrix element to g1 using PCAC [4]. Further,
|f1| = 1 from CVC and |g1| = 0.33 from Σ− hyperon decay [3]. Hence, the Σ+ → pX0 decay
width is given by [4]
Γ(Σ+ → pX0) = q(Ep +mp)
4pimΣ+
(|A|2 + |B|2) , (5)
where
A =
f1(mΣ+ −mp)
ms −md h1 , (6)
B =
g1m
2
K0
m2K0 −m2X0
mΣ+ +mp
ms +md
(
Ep −mp
Ep +mp
) 1
2
h2 . (7)
Here q = λ1/2(m2Σ+ , m
2
p, m
2
X0)/(2mΣ+) with λ(x, y, z) ≡ (x−y−z)2−4yz, q is the magnitude
of the final state momentum, and Ep is the proton energy in the rest frame of Σ
+. Knowing
the branching ratio of Σ+ → pX0 [1], we get
|h1|2 + 0.19|h2|2 ≃ 9.14× 10−21 . (8)
We now obtain a constraint on h1s¯dX
0 coupling by considering the process K+ → pi+X0.
Since K and pi are both pseudoscalar, only the scalar coupling of X0 is involved in this
process. Again, taking the divergence of the vector current, we can evaluate the width as
Γ(K+ → piX0) = 1
16pim3K+
λ
1
2 (m2K+ , m
2
pi, m
2
X0)
(
m2K+ −m2pi
ms −md
)2
|h1|2 . (9)
Comparing this with the observed branching ratio for K+ → pi+µ+µ− of 8.1× 10−8 [3], we
obtain the constraint
|h1| < 7.4× 10−12 . (10)
This bound can be further improved by using the branching ratio for dimuons of invari-
ant mass close to 214MeV. We thus see that X0 coupling to s¯d is predominantly of the
pseudoscalar type and we have
|h2| >∼ 3.6× 10−10 . (11)
We have examined the consequences of X0 exchange in KL-KS mass difference and the
decay of KL → µ+µ−. With the above value of |h2|, the contribution of X0 to the mass
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difference ∆MK (using vacuum saturation) is about five orders of magnitude smaller than
the experimental value. Similarly, using constraints on X0 coupling to muons from g − 2,
discussed later, we find KL → µ+µ− decay branching ratio to be several orders of magnitude
below the experimental value. Thus, the kaon mass difference and the KL → µ+µ− decay
do not impose useful constraints.
We now discuss the decays KL → pi+pi−X0 and KL → pi0pi0X0 which are sensitive to
the pseudoscalar coupling. These decays have been discussed by Ref. [5] in the context of a
chiral Lagrangian. The approximation made in Ref. [5] neglects momentum dependence of
the matrix element. Instead we shall use experimental data on Ke4 decays to estimate the
decay rates.
In the decay K+(P + L)→ pi+(p1) + pi−(p2) + e+(pe) + νe(pν), the axial matrix element
is given by [6]
mK 〈pi+pi−|Aµ |K+〉 = FPµ +GQµ +RLµ (12)
where P = p1 + p2, Q = p1 − p2, L = pe + pν and the experimentally determined [7] form
factors F and G are found to be insensitive to variation in pipi invariant mass, and we take
the values to be F = 5.832 and G = 4.703. The form factor R is not accessible in the
experiment. However, a reliable estimate is provided using current algebra and soft pion
approximation [8]. The value of R for process KL(P + L) → pi+(p1) + pi−(p2) + X0(L) is
found to be
R =
mK
fpi
(P + L) · p2
(P + L) · P , (13)
where the definition of P and Q stay the same as above, while L is now the momentum of
X0. Using SU(2) symmetry, and taking divergence of the current, we have for the matrix
element for KL decay
M =
√
2Reh2[F (P · L) +G(Q · L) +RL2]
mK(ms +md)
(14)
We then integrated over the final state phase space and find the branching ratios to be
BR(KL → pi+pi−X0) = 1.54×10−9 and BR(KL → pi0pi0X0) = 8.02×10−9. The enhancement
in the decay to pi0 is due to the larger final state phase space. Both these branching ratios
are large enough to be measured in KL decays. Compared to the rates estimated using
Ref. [5], our results are about a factor of 5 smaller.
From the h2 value, we can also predict the branching ratio of Ω
− → Ξ−X0 decay. We
again consider the semileptonic process Ω− → Ξ0 + e− + ν¯e [9] and take the divergence of
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the axial current. We find the matrix element for Ω− → Ξ−X0 is
M = CAh2
ms +md
u¯Ξ−kµu
µ
Ω−
, (15)
where CA = −2.08 [9], and kµ is four momentum of X0. Utilizing the projection operator
for spin-3/2 fields
Λµν(p) = (/p+M)
(
−gµν + 1
3
γµγν +
2pµpν
3M2
− pµγν − pνγµ
3M
)
, (16)
the Ω− → Ξ−X0 decay width is evaluated to be
Γ(Ω− → Ξ−X0) = |h2|
2C2A
192pim5
Ω−
(ms +md)2
λ
3
2 (m2Ω−, m
2
Ξ− , m
2
X0)[(mΩ− +mΞ−)
2 −m2X0 ] , (17)
The branching ratio we get is 2.1× 10−6, which is accessible at the HyperCP experiment.
Assuming X0 couples to µ¯µ as in Eq. (2), it will contribute to the muon g − 2. From
Ref. [11], we find
∆aµ =
m2µ
8pi2
∫ 1
0
x2dx
l21(2− x)− l22x
m2µx
2 +m2X0(1− x)
. (18)
By requiring the X0 contribution be smaller than the difference between the experimental
value and the theoretical prediction, i.e., ∆aµ < 250 × 10−11 [10], and assuming the X0
is either a pure scalar S0 or a pure pseudoscalar P 0, we can constraint the couplings l1 <
8.6× 10−4 and l2 < 1.0× 10−3. The decay widths of S0 and P 0 to µ¯µ are given
Γ(S0 → µ¯µ) = l
2
1mX0
8pi
(
1− 4m
2
µ
m2X0
) 3
2
, (19)
Γ(P 0 → µ¯µ) = l
2
2mX0
8pi
(
1− 4m
2
µ
m2X0
) 1
2
. (20)
Hence the derived decay widths are ΓS < 1.58 × 10−11GeV (cτS > 12µm) and ΓP <
1.6× 10−9GeV (cτP > 0.16µm). Unless the ΓS is more than an order of magnitude smaller
than the above limit, these lifetimes are too short to be observed as displaced vertices. If
BR(X0 → µ+µ−) is less than 100%, then the total width would be larger and the lifetime
shorter.
Although we have assumed the branching ratio of 100% to µ+µ−, our predictions for
KL → pi+pi−X0, KL → pi0pi0X0 and Ω− → Ξ−X0 with subsequent decay X0 → µ+µ− do
not change, if the branching ratio is smaller. The reason is that an increase in the coupling
constant h2 compensates exactly for the decrease in the branching ratio. At present there
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does not seem to be any evidence for the decays X0 → e+e−, X0 → γγ, or X0 → νν¯. It
would be interesting to obtain experimental limits on these processes to further understand
the properties of X0.
We have taken a purely phenomenological approach to the existence of a particle X0. The
possibility of a light, weakly interacting scalar or pseudoscalar boson has been considered
in the context of supersymmetry in models of spontaneous supersymmetry breaking [12, 13,
14, 15]. Specific effects in K decays due to pseudoscalar bosons are studied in Ref. [5] and
the contributions to muon g − 2 are discussed in Ref. [16]. Such particles can also arise in
theories of broken family symmetries and are known as familons [17]. The coupling constants
in such theories are usually arbitrary and an analysis like ours is useful in constraining the
couplings.
In conclusion, we are unable to rule out the existence of X0 particle based on present
data. We have suggested signals for this particle to be observed in KL and Ω
− decays. We
believe the branching ratios for the proposed processes are large enough to verify existence
of X0 or to rule it out. Confirmation of this boson would be evidence of physics beyond the
Standard Model.
Note added: As we were ready to submit our manuscript, we received a communication
from Xiao-Gang He that He, Tandean and Valencia had submitted Ref. [18] to the arXiv,
which studies some of the same processes involving X0.
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